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ID 



CBBONTl 



Standard; DNA; PRO; 4199 BP. 



XX 

AC L35496; 
XX 

SV L35496.1 
XX 

DT 23-AUG-1994 (Rel. 40, Created) 

DT 04-MAR-2000 (Rel. 63, Last updated. Version 3) 

XX 

DE Clostridium botulinum proteolytic type F neurotoxin bonT/F gene, complete 

DE cds, and nontoxic-nonhaemagglutinin (ntnH) gene, 3' end. 

XX 

KW bonT/F gene; neurotoxin type F; nontoxic-nonhaemagglutinin; ntnH gene. 
XX 

OS Clostridium botulinum 

OC Bacteria; Firmicutes; Clostridia; Clostridiales; Clostridiaceae; 

OC Clostridium. 

XX 

RN [1] 

RP 1-4199 

RA Elmore M.J., Bodsworth N.J., Whelan S.M., Minton N.P.; 

RT "The complete nucleotide sequence of the gene coding for proteolytic type 

RT neurotoxin of Clostridium botulinum"; 

RL Unpublished. 
XX 

DR SPTREMBL; Q45850 ; Q45850. 

DR SPTREMBL; Q57236 ; Q572 36. 
XX 

FH Key Location/Qualifiers 



FH 
FT 



source 



1. .4199 

/db xref="taxon: 1491 " 
/organism="Clostridium botulinum" 
<1. .171 

/codon_start=l 

/ db_x r e f = " S PTREMBL : Q45850 " 

/note= "putative" 

/transl_table=ll 

/gene="ntnH" 

/product= "nontoxic-nonhaemagglutinin" 
/protein id=" AAfl232Q9 . 1 " 

/translation="KKMIIs™iFISNCLTLSCGGKYICLSMKDENYNWMICNNESNI 

KKAYLWTLKEV" 

182. .4018 

/ codon_start=l 

/db_xref ="SPTREMBL : Q57236" 

/note="putative" 



FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



CDS 



CDS 



1 of 3 



9/26/02 9:03 AM 



EBI ANALYSIS TOOL http://www.ebi.ac.uk/cgi-bin/emblfetch 

FT /transl_table=ll 

FT /gene="bonT/F" 

FT /function="vertebrate neurotoxin" 

FT /product="neurotoxin type F" 

FT /protein id=" AAA23210 . 1 " 

FT /translation="MPVVINSFNYNDPVNDDTILYMQIPYEEKSKKYYKAFEIMRNVW 

FT IPERNTIGTDPSDFDPPASLENGSSAYYDPNYLTTDAEKDRYLKTTIKLFKRINSNPA 

FT EVLLQEISYAKPYLGNEHTPINEFHPVTRTTSVNIKSSTNVKSSIILNLLVLGAGPDI 

FT ENSSYPVRKLMDSGGVYDPSNDGFGSINIVTFSPEYEYTFNDISGGYNSSTESFIADP 

FT ISLAHELIHALHGLYGARGVTYKETIKVKQAPLMIAEKPIRLEEFLTFGGQDLNIITS 

FT MKEKIYNNLLANYEKIATRLSRVNSAPPEYDINEYKDYFQWKYGLDKNADGSYTVNEN 

FT FNEIYKKLYSFTEIDLANKFKVKCRNTYFIKYGFLKVPNLLDDDIYTVSEGFNIGNLA 

FT NNRGQNIKLNPKIIDSIPDKGLVEKIVKFCKSVIPRKGTKAPPRLCIRVNNRELFFVA 

FT ESSYNENDINTPKEIDDTTNLNNNYRNNLDEVILDYNSETIPQISNQTLNTLVQDDSY 

FT PRYDSNGTSEIEEHNWDLNVFFYLHAQKVPEGETNISLTSSIDTALSEESQVYTFFS 

FT EFINTINKPVHAALFISWINQVIRDFTTEATQKSTFDKIADISLWPYVGLALNIGNE 

FT QKENFKEAFELLGAGILLEFVPELLIPTILVFTIKSFIGSSENKNKIIKAINNSLMER 

FT TKWKEIYSWIVSNWLTRINTQFNKRKEQMYQALQNQVDAIKTVIEYKYNNYTSDERNR 

FT ESEYNINNIREELNKKVSL7\MENIERFITESSIFYLMKLINEAKVSKLREYDEGVKEY 

FT LDYISEHRSILGNSVQELNDLVTSTLNNSIPFELSSYTNDKILILYFNKLYKKIKDNS 

FT LDMRYENNKFIDISGYGSNISINGDVYIYSTNRNQFGIYSSKPSEVNIAQNNDIIYNG 

FT YQNFSISFWVRIPKYFNKVNLNNEYTIIDCIRNNNSGWKISLNYNKIIWTLQDTAGNN 

FT KLVFNYTQMISISDYINKWIFVTITNNRLGNSRIYINGNLIDEKSISNLGDIHVSDNI 

FT FKIVGCNDTRYVGIRYFKVFDTELGKTEIETLYSDEPDPSILKDFWGNYLLYNKRYYL 

FT NLLRTDKSITQNSNFLNINQQRGVYQKPNIFSNTRLYTGVEVIIRKNGSTDISNTDNF 

FT RKNDLAYINWDRDVEYRLYADISIAKPEKIIKLIRTSNSNNSLGQIIVMDSIGNNCT 

FT NFQNNNGGNIGLLGFHSNNLVASSWYYNNIRKNTSSNGCFWSFISKEHGWQEN" 
XX 



SQ Sequence 4199 BP; 1731 A; 432 C; 659 G; 1377 T; 0 other; 

aagaagatga taattagtaa taatatattt atttccaatt gtttaactct atcttgtggc 6 

ggtaaatata tatgtttatc tatgaaagat gaaaactata attggatgat atgtaataat 12 

gaaagcaaca tacctaaaaa ggcatattta tggacattga aagaagtata ggggggattt 18 

tatgccagtt gtaataaata gttttaatta taatgaccct gttaatgatg atacaatttt 24 

atacatgcag ataccatatg aagaaaaaag taaaaaatat tataaagctt ttgagattat 30 

gcgtaatgtt tggataattc ctgagagaaa tacaatagga acggatccta gtgattttga , 36 

tccaccggct tcattagaga acggaagcag tgcttattat gatcctaatt atttaaccac 42 

tgatgctgaa aaagatagat atttaaaaac aacgataaaa ttatttaaga gaattaatag 48 

taatcctgca ggggaagttt tgttacaaga aatatcatat gctaaaccat atttaggaaa 54 

tgaacacacg ccaattaatg aattccatcc agttactaga actacaagtg ttaatataaa 60 

atcatcaact aatgttaaaa gttcaataat attgaatctt cttgtattgg gagcaggacc 66 

tgatatattt gaaaattctt cttaccccgt tagaaaacta atggattcag gtggagttta 72 

tgacccaagt aatgatggtt ttggatcaat taatatcgtg acattttcac ctgaatatga 78 

atatactttt aatgatatta gtggagggta taacagtagt acagaatcat ttattgcaga 84 

tcctgcaatt tcactagctc atgaattgat acatgcactg catggattat acggggctag 90 

gggagttact tataaagaga ctataaaagt aaagcaagca cctcttatga tagccgaaaa 96 

acccataagg ctagaagaat ttttaacctt tggaggtcag gatttaaata ttattactag 102 

tgctatgaag gaaaaaatat ataacaatct tttagctaac tatgaaaaaa tagctactag 108 

acttagtaga gttaatagtg ctcctcctga atatgatatt aatgaatata aagattattt 114 

tcaatggaag tatgggctag ataaaaatgc tgatggaagt tatactgtaa atgaaaataa 120 

atttaatgaa atttataaaa aattatatag ctttacagag attgacttag caaataaatt 126 

taaagtaaaa tgtagaaata cttattttat taaatatgga tttttaaaag ttccaaattt 132 

gttagatgat gatatttata ctgtatcaga ggggtttaat ataggtaatt tagcagtaaa 138 

caatcgcgga caaaatataa agttaaatcc taaaattatt gattccattc cagataaagg 144 

tctagtggaa aagatcgtta aattttgtaa gagcgttatt cctagaaaag gtacaaaggc 150 

gccaccgcga ctatgcatta gagtaaataa tagggagtta ttttttgtag cttcagaaag 156 

tagctataat gaaaatgata ttaatacacc taaagaaatt gacgatacaa caaatctaaa 162 

taataattat agaaataatt tagatgaagt tattttagat tataatagtg agacaatacc 168 

tcaaatatca aatcaaacat taaatacact tgtacaagac gatagttatg tgccaagata 174 

tgattctaat ggaacaagtg aaatagagga acataatgtt gttgacctta atgtattttt 180 

ctatttacat gcacaaaaag taccagaagg tgaaactaat ataagtttaa cttcttcaat 186 

tgatacggca ttatcagaag aatcgcaagt atatacattc ttttcttcag agtttattaa 192 

tactatcaat aaacctgtac acgcagcact atttataagt tggataaatc aagtaataag 198 

agattttact actgaagcta cacaaaaaag tacttttgat aagattgcag acatatcttt 204 

agttgtacca tatgtaggtc ttgctttaaa tataggtaat gaggtacaaa aagaaaattt 210 

taaggaggca tttgaattat taggagcggg tattttatta gaatttgtgc cagagctttt 216 
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aattcctaca 
taaaatcatt 
atatagttgg 
agaacaaatg 
taaatataat 
taatataaga 
tataacagag 
attaagagaa 
atcaatttta 
tagtattcca 
taaattatat 
atttatagat 
ttcaacaaat 
tcaaaataat 
aaggattcct 
tataaggaat 
tttacaagat 
tatatctgat 
ttctagaatt 
tattcatgtt 
tggtataaga 
atatagtgat 
taataaaaga 
aaactttcta 
cactagatta 
taatacagat 
tgtagaatat 
aataagaaca 
aaataattgc 
tcattcaaat 
cagtaatgga 
taataattca 
taattttaat 
aaattcaaat 



// 



attttagtgt 
aaagcaataa 
atagtatcaa 
tatcaagctt 
aattatactt 
gaagaattga 
agttctatat 
tatgatgaag 
ggaaatagtg 
tttgaacttt 
aaaaaaatta 
atctctggat 
agaaatcaat 
gatattatat 
aaatacttca 
aataattcag 
actgctggaa 
tatataaata 
tacatcaatg 
agtgataata 
tattttaaag 
gagccagatc 
tattatttat 
aatattaatc 
tatacaggag 
aattttgtta 
cggctatatg 
tctaattcaa 
acaatgaatt 
aatttggttg 
tgcttttgga 
aaaaataggt 
atattatatg 
tagaaatata 



ttacaataaa 
ataattcatt 
attggcttac 
tgcaaaatca 
cagatgagag 
acaaaaaagt 
tttatttaat 
gcgttaagga 
tacaagaatt 
cttcatatac 
aagataactc 
atggttcaaa 
ttggaatata 
acaatggtag 
ataaagtgaa 
gatggaaaat 
ataatcaaaa 
aatggatttt 
gaaatttaat 
tattatttaa 
tttttgatac 
caagtatctt 
tgaatttact 
aacaaagagg 
tagaagttat 
gaaaaaatga 
ctgatatatc 
acaatagctt 
ttcaaaacaa 
ctagtagttg 
gttttatttc 
attaaaatag 
aaacatatat 
aaatgaagta 



atcctttata 
aatggaaaga 
tagaattaat 
agtagatgca 
aaatagactt 
ttctttagca 
gaagttaata 
atatttgcta 
aaatgattta 
taatgataaa 
tattttagat 
tataagcatt 
tagtagtaag 
atatcaaaat 
tcttaataat 
atcacttaat 
actagttttt 
tgtaactatt 
agatgaaaaa 
aattgttggt 
ggaattaggt 
aaaagacttt 
aagaacagat 
tgtttatcag 
tataagaaaa 
tctggcatat 
aattgcaaaa 
aggtcaaatt 
taatgggggc 
gtattataac 
taaagagcat 
aggtaatata 
aaatttaaag 
aatgaaaagt 



ggttcatctg 
gaaacaaagt 
acacaattta 
ataaaaacag 
gaatctgaat 
atggaaaata 
aatgaagcca 
gactatattt 
gtgactagta 
attctaattt 
atgcgatatg 
aatggagatg 
cctagtgaag 
tttagtatta 
gaatatacta 
tataataaaa 
aattatacac 
actaataata 
tcaatttcga 
tgtaatgata 
aaaacagaaa 
tggggaaatt 
aagtctatta 
aaaccaaata 
aatggatcta 
attaatgtag 
ccagagaaaa 
atagttatgg 
aatataggat 
aatatacgaa 
ggatggcaag 
tattaccctc 
ataatattaa 
gtaaaaagtc 



agaataaaaa 
ggaaagaaat 
ataaaagaaa 
taatagaata 
ataatatcaa 
tagagagatt 
aagttagtaa 
cagaacatag 
ctctgaataa 
tatattttaa 
aaaataataa 
tatatattta 
ttaatatagc 
gtttctgggt 
taatagattg 
taatttggac 
aaatgattag 
gattaggcaa 
atttaggtga 
caagatatgt 
ttgagacttt 
atttgttata 
ctcagaattc 
ttttttccaa 
cagatatatc 
tagatcgtga 
taataaaatt 
attcaatagg 
tactaggttt 
aaaatactag 
aaaactaata 
tattttggaa 
atcaagacac 
attaaataa 



222 
228 
234 
240 
246 
252 
258 
264 
270 
276 
282 
288 
294 
300 
306 
312 
318 
324 
330 
336 
342 
348 
354 
360 
366 
372 
378 
384 
390 
396 
402 
408 
414 
419 
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LI ANSWER 13 OF 17 MEDLINE 

AN 97016817 MEDLINE 

DN 97016817 PubMed ID: 8863443 

TI Organization and phylogenetic interrelationships of genes encoding 

components of the botulinum toxin complex in proteolytic Clostridium 
botulinum types A, B, and F: evidence of chimeric sequences in the gene 
encoding the nontoxic nonhemagglutinin component. 

AU East A K; Bhandari M; Stacey J M; Campbell K D; Collins M D 

CS Department of Microbiology, Institute of Food Research, Reading, 
Berkshire, United Kingdom., alison.east@bbsrc.ac.uk 

SO INTERNATIONAL JOURNAL OF SYSTEMATIC BACTERIOLOGY, (1996 Oct) 46 (4) 
1105-12. 

Journal code: 0042143. ISSN: 0020-7713. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK-X78230; GENBANK-X87974 ; GENBANK-X92973 ; GENBANK-X96491 ; 

GENBANK-X96492; GENBANK-X964 93 ; GENBANK-X964 94 
EM 199611 

ED Entered STN: 19961219 

Last Updated on STN: 19980206 
Entered Medline: 19961115 

AB The cluster of genes encoding components of the botuliniom 

neurotoxin (BoNT) complex was mapped in proteolytic (group I) 
Clostridium botulinum strains encoding BoNT types A, B, and F. Two 
different arrangements of genes were found: type A strain 62A and type B 
strain NCTC 7273 have similar organizations of genes encoding BoNT, the 
nontoxic nonhemagglutinin component (NTNH) , hemagglutinin components, and 
P-21; type F strain Langeland has genes encoding BoNT, 

NTNH, and P-21, and a previously unidentified open reading frame encoding 
a protein of 416 amino acids. A group of type A strains typified by infant 
strain Kyoto-F, which is unlike type A strain 62A, lacks genes for 
hemagglutinin components and exhibits an organization similar to that of 
type F. Sequencing and pairwise analysis revealed the 

presence of possible chimeric sequences in some NTNH genes of proteolytic 
C. botulinum. Discordance in genealogical trees derived from different 
regions of the NTNH genes was observed which could be symptomatic of 
recombination and which may indicate that the NTNH gene represents a hot 
spot for such events within the cluster of genes encoding the BoNT 
complex. It is also evident that the phylogenetics of the NTNH gene, which 
is linked to the gene encoding BoNT, does not mirror the evolutionary 
history of the BoNT, upon which the C. botulinum species complex is 
defined and subdivided. 

LI ANSWER 14 OF 17 MEDLINE 

AN 94297488 MEDLINE 

DN 94297488 PubMed ID: 7764998 

TI Conserved structure of genes encoding components of botulinum 

neurotoxin complex M and the sequence of the gene coding for the 
nontoxic component in nonproteolytic Clostridium botulinum type 
F. 

AU East A K; Collins M D 

CS Department of Microbiology, Institute of Food Research, Reading 

Laboratory, UK. 
SO CURRENT MICROBIOLOGY, (1994 Aug) 29 (2) 69-77. 

Journal code: 7808448. ISSN: 0343-8651. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Biotechnology 

EM 199408 



ED Entered STN: 19950809 

Last Updated on STN: 19970203 

Entered Medline: 19940810 
AB For investigation of the genes of proteins associated in vivo with 

botulinum neurotoxin (BoNT) , polymerase chain reaction 

(PGR) experiments were carried out with oligonucleotide primers designed 
to regions of the nontoxic-nonhemagglutinin (NTNH) gene of Clostridium' 
botulinum type C. The primers were used to amplify a DNA fragment from 
genomic DNA of C. botulinum types A^ B, E, F, G and toxigenic strains of 
Clostridium barati and Clostridium butyricum. The amplified product from 
all of these strains hybridized with an internal oligonucleotide probe, 
whereas all nontoxigenic Clostridia tested gave no PGR product and showed 
no reaction with the probe. The NTNH gene was shown to be located upstream 
of the gene encoding BoNT, thereby revealing a conserved structure for 
genes encoding the proteins of the M complex of the progenitor botulinum 
toxin in these organisms. The sequence of the NTNH gene of nonproteolytic 
C. botulinum type F was determined by PCR 

amplification and sequencing of overlapping cloned fragments. NTNH/F 
showed 71% and 61% identity with NTNH of C. botulinum type E and type C 
respectively. 

LI ANSWER 15 OF 17 MEDLINE 

AN 93012902 MEDLINE 

DN 93012902 PubMed ID: 1398040 

TI Sequence of the gene encoding type F neurotoxin of 

Clostridium botulinum. 
AU East A K; Richardson P T; Allaway D; Collins M D; Roberts T A; Thompson D 

E 

CS Department of Microbiology, AFRC Institute of Food Research, Reading, UK. 
SO FEMS MICROBIOLOGY LETTERS, (1992 Sep 15) 75 (2-3) 225-30. 

Journal code: 7705721. ISSN: 0378-1097. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK-M92906 

EM 199211 

ED Entered STN: 19930122 

Last Updated on STN: 19970203 

Entered Medline: 19921119 
AB Primers designed to conserved regions of botulinum and tetanus clostridial 

toxins were used to amplify DNA fragments from non-proteolytic Clostridium 

botulinum type F (202F) DNA using polymerase chain 

reaction technology. The fragments were cloned and the complete nucleotide 
sequence of the gene encoding type F toxin determined. 

Analysis of the nucleotide sequence demonstrated the presence of an open 
frame encoding a protein of 1274 amino acids, similar to other 
botulinum neurotoxins. Upstream of the toxin gene is the 
end of an open reading frame which encodes the C-terminus of a protein 
with homology to non-toxic-non-hemagglutinin component of type C 
progenitor toxin. 

LI ANSWER 16 OF 17 MEDLINE 

AN 90262533 MEDLINE 

DN 90262533 PubMed ID: 2188647 

TI Botulinum type F neurotoxin. Large-scale purification 

and characterization of its binding to rat cerebrocortical synaptosomes . 

AU Wadsworth J D; Desai M; Tranter H S; King H J; Hambleton P; Melling J; 
Dolly J 0; Shone C C 

CS Department of Biochemistry, Imperial College of Science and Technology, 
London, U.K. 

SO BIOCHEMICAL JOURNAL, (1990 May 15) 268 (1) 123-8. 



Journal code: 2984726R. ISSN: 0264-6021. 
CY ENGLAND: United Kingdom 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199006 

ED Entered STN: 19900720 

Last Updated on STN: 19970203 

Entered Medline: 19900628 
AB 1. A large-scale purification procedure has been developed for Clostridium 

botulinum type F neurotoxin. Commencing with 160 

litres of bacterial culture, 101 mg of purified type F 

neurotoxin with a specific toxicity of 2 x 10(7) mouse LD50 (median lethal 
dose) .mg-1 were obtained. 2. Purified type F 

neurotoxin was labelled to high specific radioactivity (900-1360 Ci/mmol) 
without loss of biological activity using a chloramine-T procedure. Of the 
two neurotoxin subunits, the heavy chain was preferentially radiolabelled. 
3. Radiolabelled type F neurotoxin displayed specific 

saturable binding to rat synaptosomes . At least two pools of acceptors 
were evident: a low content of high-affinity acceptors sites [KD 
approximately 0.15 nM; Bmax (maximal binding) 20 fmol/mg] and a larger 
pool of lower-affinity sites (KD greater than 20 nM; Bmax greater than 700 
fmol/mg) . Both pools of acceptors were sensitive to trypsin and 
neuraminidase treatment, which suggests that protein and sialic acid 
residues are components of the synaptosomal acceptors. 4. Experiments 
investigating competition among botulinum neurotoxin 

types A, B, E and F for acceptors on rat brain synaptosomes showed that 
type F neurotoxin binds to acceptor molecules which are 
completely distinct from those of the other three neurotoxins. 

LI ANSWER 17 OF 17 MEDLINE 

AN 84018414 MEDLINE 

DN 84018414 PubMed ID: 6353671 

TI Amino acid composition of Clostridium botulinum type F. 

neurotoxin. 
AU Das Gupta B E; Rasmus sen S 
NC NS 17742 (NINDS) 
SO TOXICON, (1983) 21 (4) 566-9. 

Journal code: 1307333. ISSN: 0041-0101. 
CY ENGLAND: United Kingdom 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 198311 

ED Entered STN: 19900319 

Last Updated on STN: 19970203 

Entered Medline: 19831123 
AB To develop reliable data on the amino acid composition of type 

F botulinum neurotoxin, three batches of the 

neurotoxin were analyzed. Each batch was isolated from a separate 
neurotoxin producing bacterial culture. Two batches had inoculum from one 
source and the other batch one from a different source. Two batches of the 
neurotoxin were purified by the same method and one was purified by a 
different method. The neurotoxin preparations were found comparable in 
purity and similar in amino acid composition. The best estimate of number 
of amino acid residues per neurotoxin molecule (mol. wt. 155,000) was: 
Asp218 Thr80 Serl05 Glul28 Pro47 Gly69 Ala47 Val72 CyS9 Metl4 Ilel28 
Leul04 Tyr86 Phe60 Lys90 Hisl3 Arg51 Trp23. 
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L2 ANSWER 7 OF 10 MEDLINE 

AN 95179082 MEDLINE 

DN 95179082 PubMed ID: 7874084 

TI Inhibition of neurotransmitter release by clostridial neurotoxins 
correlates with specific proteolysis of synaptosomal proteins. 

AU Blasi J; Binz T; Yamasaki S; Link E; Niemann H; Jahn R 

CS Departament de Biologia Cel.lular i Anatomia Patologica, Facultat de 
Medicina, Universitat de Barcelona, Spain. 

SO JOURNAL OF PHYSIOLOGY, PARIS, (1994) 88 (4) 235-41. 
Journal code: 9309351. ISSN: 0928-4257. 

CY France 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199504 

ED Entered STN: 19950419 

Last Updated on STN: 19970203 
Entered Medline: 19950404 

AB Rat brain synaptosomes were used to study the effect of several 

clostridial neurotoxins on the neurotransmitter release. In this system 
the blockade of transmitter release correlated with the proteolytic 
activity of the toxins. Blockade of glutamate release was linked to 
selective proteolysis of one of the following synaptic proteins: 
synaptobrevin (BoNT/D, BoNT/f) ; SNAP-25 (BoNT/A, 

BoNT/E) , or HPC-l/syntaxin (BoNT/Cl) . All the toxins used had an 
inhibitory effect on synaptosomes with the exception of BoNT/ 
F. BoNT/F cleaved synaptobrevin in 

permeabilized synaptosomes but failed to produce the same effect on intact 
synaptosomes . 

L2 ANSWER 8 OF 10 MEDLINE 

AN 94230352 MEDLINE 

DN 94230352 PubMed ID: 8175689 

TI Cleavage of members of the synaptobrevin/VAMP family by types D and F 

botulinal neurotoxins and tetanus toxin. 
AU Yamasaki S; Baumeister A; Binz T; Blasi J; Link E; Cornille F; Roques B; 

Fykse E M; Sudhof T C; Jahn R; + 
CS Department of Microbiology, Federal Research Center for Virus Diseases of 

Animals, Tubingen, Federal Republic of Germany. 
SO JOURNAL OF BIOLOGICAL CHEMISTRY, (1994 Apr 29) 269 (17) 12764-72. 

Journal code: 2985121R. ISSN: 0021-9258. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199406 

ED Entered STN: 19940620 

Last Updated on STN: 19970203 

Entered Medline: 19940606 
AB Tetanus toxin (TeTx) and the various forms of botulinal neurotoxins 

(BoNT/A to BoNT/G) potently inhibit neurotransmission by means of their L 

chains which selectively proteolyze synaptic proteins such as 

synaptobrevin (TeTx, BoNT/B, BoNT/F) , SNAP-25 

(BoNT/A), and syntaxin (BoNT/Cl) . Here we show that BoNT/D cleaves rat 
synaptobrevin 1 and 2 in toxified synaptosomes and in isolated vesicles. 
In contrast, synaptobrevin 1, as generated by in vitro translation, is 
only a poor substrate for BoNT/D, whereas this species is cleaved by 
BoNT/F with similar potency. Cleavage by BoNT/D occurs 
at the peptide bond Lys59-Leu60 which is adjacent to the BoNT/ 
F cleavage site (Gln58-Lys59) and again differs from the site 
hydrolyzed by TeTx and BoNT/B (Gln76-Phe77) . Cellubrevin, a recently 



discovered isoform expressed outside the nervous system, is efficiently 
cleaved by all three toxins examined. For further characterization of the 
substrate requirements of BoNT/D, we tested amino- and carboxyl-terminal 
deletion mutants of synaptobrevin 2 as well as synthetic peptides. Shorter 
peptides containing up to 15 amino acids on either side of the cleavage 
site were not cleaved, and a peptide extending from Arg47 to Thrll6 was a 
poor substrate for all three toxins tested. However, cleavability was 
restored when the peptide is further extended at the NH2 terminus 
(Thr27-Thrll6) demonstrating that NH2 terminally located sequences of 
synaptobrevin which are distal from the respective cleavage sites are 
required for proteolysis. To further examine the isoform specificity, 
several mutants of rat synaptobrevin 2 were generated in which individual 
amino acids were replaced with those found in rat synaptobrevin 1. We show 
that a Met46 to Ile46 substitution drastically diminishes cleavability by 
BoNT/D and that the presence of Val76 instead of Gln76 dictates the 
reduced cleavability of synaptobrevin isoforms by TeTx. 
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AB A polymerase chain reaction method was developed for the specific 
detection of the botulinum neurotoxin (BoNT) gene of Clostridium 
botulinum. Degenerate oligonucleotide primers, designed from the 
nucleotide sequence of the heavy chain of the BoNT gene, amplified a 
specific fragment of approximately 1.1 kb from strains of C. botulinum 
toxin types A, B, E, F, and G and neurotoxin-producing strains of 
Clostridium barati and Clostridium butyricum, but no fragment was obtained 
from nontoxigenic strains. The fragments amplified from several strains of 
C. botulinum types B, E, and F were cloned in Escherichia coli and their 
nucleotide sequences were determined. Sequences within this region were 
used to design oligonucleotide probes specific for BoNT type B (BoNT/B) , 
BoNT/E, and BoNT/F genes. An additional probe was 
designed for the detection of the BoNT/F gene of C. 
barati, which differed in sequence from BoNT/F genes 
of both proteolytic and nonproteolytic strains of C. botulinum. 
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AB Primers designed to conserved regions of botulinum and tetanus clostridial 
toxins were used to amplify DNA fragments from non-proteolytic Clostridium 
botulinum type F (202F) DNA using polymerase chain reaction technology. 
The fragments were cloned and the complete nucleotide sequence of the gene 
encoding type F toxin determined. Analysis of the nucleotide sequence 
demonstrated the presence of an open frame encoding a protein of 1274 
amino acids, similar to other botulinum neurotoxins. Upstream of the toxin 
gene is the end of an open reading frame which encodes the C-terminus of a 
protein with homology to non-toxic-non-hemagglutinin component of type C 
progenitor toxin. 
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BXA1_CL0B0 1296 aa linear BCT 15-JUN-2002 

Botulinum neurotoxin type A precursor (BoNT/A) (Bontoxilysin A) 
(BOTOX) [Contains: Botulinum neurotoxin A, light-chain; Botulinum 
neurotoxin A, heavy-chain] . 
P10845 

P10845 GI:399133 

swissprot: locus BXA1_CL0B0, accession P10845; 
class: standard. 

extra accessions : P18639, P01561, created: Jul 1, 1989. 
sequence updated: Jul 1, 1993. 
annotation updated: Jun 15, 2002. 

xrefs: gi : 40381 , gi: 40382 , gi: 144864 , gi : 144865 , gi : 1619251 , 
gi: 1619253 , gi: 2160224 , gi : 2160225 , gi: 144880 , gi : 551776 , gi : 
279630 , gi: 98562 , pdb accession 3BTA 

xrefs (non-sequence databases): MEROPS M27.002, InterPro IPR000395, 
InterPro IPR000130, Pfam PF01742, PRINTS PR00760, ProDom PD001963, 
PROSITE PS00142 

Neurotoxin; Transmembrane; Hydrolase; Metalloprotease; Zinc; 
Pharmaceutical; 3D-structure . 
Clostridium botulinum. 
Clostridium botulinum 

Bacteria; Firmicutes; Clostridia; Clostridiales; Clostridiaceae; 
Clostridium. 

1 (residues 1 to 1296) 

Thompson, D. E . , Brehm, J.K., Oultram, J. D . , Swinf ield, T . J. , 

Shone, C.C., Atkinson, T., Melling,J. and Minton,N.P. 

The complete amino acid sequence of the Clostridium' botulinum type 

A neurotoxin, deduced by nucleotide sequence analysis of the 

encoding gene 

Eur. J. Biochem. 189 (1), 73-81 (1990) 

90235864 

2185020 

SEQUENCE FROM N.A. 
STRAIN=NCTC 2 916 

2 (residues 1 to 1296) 

Binz,T., Kurazono,H., Wille,M., Frevert,J., Wernars,K. and 
Niemann, H, 

The complete sequence of botulinum neurotoxin type A and comparison 

with other clostridial neurotoxins 

J. Biol. Chem. 265 (16), 9153-9158 (1990) 

90264400 

2160960 

SEQUENCE FROM N.A. 
STRAIN=62A 

3 (residues 1 to 1296) 

East, A. K., Bhandari,M., Stacey,J.M., Campbell , K. D . and Collins, M.D. 
Organization and phylogenetic interrelationships of genes encoding 
components of the botulinum toxin complex in proteolytic 
Clostridium botulinum types A, B, and F: evidence of chimeric 
sequences in the gene encoding the nontoxic nonhemagglutinin 
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Bacteriol. 46 (4), 1105-1112 (1996) 



component 
Int. J. Syst. 
97016817 
8863443 

SEQUENCE OF 1-65 FROM N.A. 
STRAIN=62A 

4 {residues 1 to 1296) 

Betley,M.J., Somers,E. and DasGupta, B. R . 

Characterization of botulinum type A neurotoxin gene: delineation 
of the N-terminal encoding region 

Biochem. Biophys. Res. Commun. 162 (3), 1388-1395 (1989) 

89350959 

2669749 

SEQUENCE OF 1-34 FROM N.A. 
STRAIN=Hall 

5 (residues 1 to 1296) 

Fujita,R., Fujinaga,Y., Inoue,K., Nakajima,H., Kumon,H. and 
Oguma, K. 

Molecular characterization of two forms of 

nontoxic-nonhemagglutinin components of Clostridium botulinum type 

A progenitor toxins 

FEBS Lett. 376 (1-2), 41-44 (1995) 

96096783 

8521962 

SEQUENCE OF 1-18 FROM N.A. 
STRAIN=Type A NIH 

6 (residues 1 to 1296) 

Schmidt, J. J. , Sathyamoorthy, V. and DasGupta, B. R. 

Partial amino acid sequence of the heavy and light chains of 

botulinum neurotoxin type A 

Biochem. Biophys. Res. Commun. 119 (3), 900-904 (1984) 

84178501 

6370252 

SEQUENCE OF 1-16. 

7 (residues 1 to 1296) 

Dasgupta, B . R. , Foley, J. and Niece, R. 

Partial sequence of the light chain of botulinum neurotoxin type A 
Biochemistry 26, 4162-4162 (1987) 
SEQUENCE OF 1-46. 

8 (residues 1 to 1296) 
DasGupta, B. R. and Dekleva,M.L. 

Botulinum neurotoxin type A: sequence of amino acids at the 

N-terminus and around the nicking site 

Biochimie 72 (9), 661-664 (1990) 

91120847 

2126206 

SEQUENCE OF 1-5 AND 444-456. 

9 (residues 1 to 1296) 

Sathyamoorthy, V. , Dasgupta, B.R. , Foley, J. and Niece, R.L. 

Botulinum neurotoxin type A: cleavage of the heavy chain into two 

halves and their partial sequences 

Arch. Biochem. Biophys. 266 (1), 142-151 (1988) 

89024662 

3178218 

SEQUENCE OF 448-464 AND 872-895. 

10 (residues 1 to 1296) 

Shone, C.C., Hambleton,P. and Melling, J. 

Inactivation of Clostridium botulinum type A neurotoxin by trypsin 
and purification of two tryptic fragments. Proteolytic action near 
the COOH-terminus of the heavy subunit destroys toxin-binding 
activity 

Eur. J. Biochem. 151 (1), 75-82 (1985) 

85285016 

3896784 

SEQUENCE OF 448-482. 
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REFERENCE 11 (residues 1 to 1296) 

AUTHORS Schiavo,G., Santucci,A. , Dasgupta, B . R . , Mehta,P.P., Jontes,J., 

Benf enati, F . , Wilson, M.C. and Montecucco, C . 
TITLE Botulinum neurotoxins serotypes A and E cleave SNAP-25 at distinct 

COOH-terminal peptide bonds 
JOURNAL FEBS Lett. 335 (1), 99-103 (1993) 
MEDLINE 94063091 

PUBMED 8243676 
REMARK IDENTIFICATION OF SUBSTRATE. 
REFERENCE 12 (residues 1 to 1296) 

AUTHORS Binz^T., Blasi,J., Yamasaki, S . , Baumeister,A. , Link,E., 

Sudhof,T.C,, Jahn,R. and Niemann, H. 
TITLE Proteolysis of SNAP-25 by types E and A botulinal neurotoxins 

JOURNAL J. Biol. Chem. 269 (3), 1617-1620 (1994) 
MEDLINE 94124495 

PUBMED 8294407 
REMARK IDENTIFICATION OF SUBSTRATE. 
REFERENCE 13 (residues 1 to 1296) 

AUTHORS Rigoni,M., Caccin,P., Johnson, E .A, , Montecucco, C . and Rossetto,0. 
TITLE Site-directed mutagenesis identifies active-site residues of the 

light chain of botulinum neurotoxin type A 
JOURNAL Biochem. Biophys. Res. Commun. 288 (5), 1231-1237 (2001) 
MEDLINE 21556941 
PUBMED 11700044 
REMARK MUTAGENESIS OF GLU-261; PHE-265 AND TYR-365. 
REFERENCE 14 (residues 1 to 1296) 

AUTHORS Lacy,D.B., Tepp,W., Cohen, A. C, DasGupta, B . R . and Stevens, R.C. 
TITLE Crystal structure of botulinum neurotoxin type A and implications 

for toxicity 

JOURNAL Nat. Struct. Biol. 5 (10), 898-902 (1998) 
MEDLINE 98455071 

PUBMED 9783750 
REMARK X-RAY CRYSTALLOGRAPHY (3.3 ANGSTROMS). 
COMMENT On or before Sep 14, 1993 this sequence version replaced gi : 115193 , 

gi: 115174 . 

This SWISS-PROT entry is copyright. It is produced through a 
collaboration between the Swiss Institute of Bioinf ormatics and 
the EMBL outstation - the European Bioinf ormatics Institute. 
The original entry is available from http : //www. expasy . ch/sprot 
and http : //www. ebi . ac . uk/sprot 



[FUNCTION] Inhibits acetylcholine release. The botulinum toxin 
binds with high affinity to peripheral neuronal presynaptic 
membrane, is then internalized by receptor-mediated endocytosis. 
The C-terminus of the heavy chain (H) is responsible for the 
adherence of the toxin to the cell surface while the N-terminus 
mediates transport of the light chain from the endocytic vesicle to 
the cytosol. After translocation, the light chain (L) hydrolyzes 
the 197-Gln- I -Arg-198 bond in SNAP-25, thereby blocking 
neurotransmitter release. Inhibition of acetylcholine release 
results in flaccid paralysis, with frequent heart or respiratory 
failure . 

[CATALYTIC ACTIVITY] Limited hydrolysis of proteins of the 
neuroexocytosis apparatus, synaptobrevins, SNAP25 or syntaxin. No 
detected action on small molecule substrates, 

[SUBUNIT] Disulfide-linked heterodimer of a light chain (L) and a 
heavy chain (H) . 

[SUBCELLULAR LOCATION] Secreted. 

PHARMACEUTICAL: Available under the name BOTOX (Allergan) for the 
treatment of strabismus and blepharospasm associated with dystonia 
and cervical dystonia. Also used for the treatment of hemifacial 
spasm and a number of other neurological disorders characterized by 
abnormal muscle contraction. 

[MISCELL7\NE0US] There are seven antigenically distinct forms of 
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botulinum neurotoxin: Types A, B', CI, D, E, F, and G. 
[SIMILARITY] BELONGS TO PEPTIDASE FAMILY M27, 
[DATABASE] NAME=BOTOX product information Web site; 
WWW= ' h ttp : //www. botox . com/ index . jsp?hp&productinfo" . 
[DATABASE] NAME=Protein Spotlight; NOTE=Issue 19 of February 2002; 
WWW= ' http : //www. expasy . org/spotlight/articles/sptlt019 . html" . 
FEATURES Location/Qualifiers 
source 1 . .1296 

/organism="Clostridium botulinum" 
/db_xref="taxon: 1491" 
gene 1. . 1296 

/gene="BOTA" 
/note="BNA; ATX" 
Protein 1..1296 

/gene="BOTA" 

/product="Botulinum neurotoxin type A precursor" 
/ E C_numbe r= " 3.4.24.69 " 
Region 2. .448 

/gene="BOTA" 

/region_name="Mature chain" 

/no te= "BOTULINUM NEUROTOXIN A, LIGHT-CHAIN." 
Region 2 

/gene="BOTA" 

/region_name=" Conflict" 

/note="P -> Q (IN REF. 1)." 
Region 27 

/gene="BOTA" 

/region_name= "Variant" 

/note="V -> A- " 
Site 223 

/gene="BOTA" 

/site_type="metal-binding" 

/note="ZINC (CATALYTIC)." 
Site 224 

/gene="BOTA" 

/ site_type="active" 
Site 227 

/gene="BOTA" 

/site_type="metal-binding" 
/note="ZINC (CATALYTIC) . " 
Site 262 

/gene="BOTA" 

/site_type="metal-binding" 
/note="ZINC (CATALYTIC)." 
Site 262 

/gene="BOTA" 

/site_type="mutagenized" 

/note="E->A: DRASTIC DECREASE IN ENZYMATIC ACTIVITY." 
Site 266 

/gene="BOTA" 

/ site_type="mutagenized" 

/note="F->A: DECREASE IN ENZYMATIC ACTIVITY." 
Site 366 

/gene="BOTA" 

/site_type="mutagenized" 

/note="Y->A: DECREASE IN ENZYMATIC ACTIVITY." 
Bond bond(430, 454) 

/gene="BOTA" 

/bond_type="disulfide" 

/note=" INTERCHAIN. " 
Region 449 . . 1296 

/gene="BOTA" 

/region_name= "Mature chain" 

/note="BOTULINUM NEUROTOXIN A, HEAVY-CHAIN. " 
Region 480 
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/gene="BOTA" 
/region_name= "Conflict" 
/note="E -> P {IN REF. 9)." 
Region 627 . . 647 

/gene="BOTA" 

/region_name= "Transmembrane region" 
/note="POTENTIAL. " 
Region 656. .676 

/gene="BOTA" 

/region_name= "Transmembrane region" 
/note=" POTENTIAL. " 

Region 876 

/gene="BOTA" 
/region_name="Conf lict" 
/note="T -> L (IN REF. 8)." 

Region 892 

/gene="BOTA" 
/ region_name="Conf lict" 
/note="S -> K (IN REF. 8)." 

Bond bond(1235, 1280) 

/gene="BOTA" 
/bond_type=" disulfide" 

ORIGIN 

1 mpfvnkqfny kdpvngvdia yikipnvgqm qpvkafkihn 
61 pppeakqvpv syydstylst dnekdnylkg vtklferiys 
121 stidtelkvi dtncinviqp dgsyrseeln Iviigpsadi 
181 gstqyirfsp dftfgfeesl evdtnpllga gkfatdpavt 
241 rvfkvntnay yemsglevsf eelrtfgghd akfidslqen 
301 ksivgttasl qymknvfkek yllsedtsgk fsvdklkfdk 
361 Inrktylnfd kavfkinivp kvnytiydgf nlrntnlaan 
421 glfefykllc vrgiitsktk sldkgynkal ndlcikvnnw 
481 itsdtnieaa eenisldliq qyyltfnfdn epenisienl 
541 kkyeldkytm fhylraqefe hgksrialtn svneallnps 
601 amflgwveql vydftdetse vsttdkiadi tiiipyigpa 
661 avillefipe iaipvlgtfa Ivsyiankvl tvqtidnals 
721 vntqidlirk kmkealenqa eatkaiinyq ynqyteeekn 
781 mininkflnq csvsylmnsm ipygvkrled fdaslkdall 
841 vnntlstdip fqlskyvdnq rllstfteyi kniintsiln 
901 gskvnfdpid knqiqlfnle sskievilkn aivynsmyen 
961 eytiincmen nsgwkvslny geiiwtlqdt qeikqrvvfk 
1021 nnrlnnskiy ingrlidqkp isnlgnihas nnimfkldgc 
1081 ekeikdlydn qsnsgilkdf wgdylqydkp yymlnlydpn 
1141 gsvmttniyl nsslyrgtkf iikkyasgnk dnivrnndrv 
1201 gvekilsale ipdvgnlsqv vvmkskndqg itnkckmnlq 
12 61 Ivasnwynrq ierssrtlgc swefipvddg wgerpl 
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ID Q57236 PRELIMINARY; PRT; 1278 AA. 

AC Q57236; Q45863; 

DT Ol-NOV-1996 (TrEMBLrel. 01, Created) 

DT Ol-NOV-1996 {TrEMBLrel. 01, Last sequence update) 

DT Ol-OCT-2002 {TrEMBLrel. 22, Last annotation update) 

DE Botulinum neurotoxin type F (BONT/F protein) . 

GN BONT/F. 

OS Clostridium botulinum. 

OC Bacteria; Firmicutes; Bacillus/Clostridium group; Clostridia; 
OC Clostridiales; Clostridiaceae; Clostridium. 
OX NCBI_TaxID=1491; 
RN [1] 

RP SEQUENCE FROM N.A. 
RC STRAIN=NCTC 10281; 
RA Hutson R.A., Collins M.D.; 

RL Submitted {AUG-1995) to the EMBL/GenBank/DDBJ databases. 
RN [2] 

RP SEQUENCE FROM N.A. 

RA Elmore M.J., Bodsworth N.J., Whelan S.M., Minton N.P.; 
RL Submitted (AUG-1994) to the EMBL/GenBank/DDBJ databases. 
RN [3] 

RP SEQUENCE OF 635-1000 FROM N.A. 
RC STRAIN=NCTC 1028; 

RX MEDLINE=94013372; PubMed= 8408542 ; 

RA Campbell K., East A.K., Collins M.D.; 

RT "Gene probes for identification of the botulinal neurotoxin gene and 
RT specific identification of neurotoxin types B, E, and F."; 
RL J. Clin. Microbiol. 31:2255-22 62(1993). 
RN [4] 

RP SEQUENCE OF 1-27 FROM N.A. 
RC STRAIN=LANGEL7\ND; 

RX MEDLINE= 98404102 ; PubMed= 9732534 ; 

RA East A.K., Bhandari M., Hielm S., Collins M.D.; 

RT "Analysis of the botulinum neurotoxin type F gene clusters in 

RT proteolytic and nonproteolytic Clostridium botulinum and Clostridium 

RT barati."; 

RL Curr. Microbiol. 37:262-268(1998). 

DR EMBL; X81714 ; CAA57358 . 1; -. 

DR EMBL; L35496; AAA23210 . 1; -. 

DR EMBL; X70821; CAA50152 . 1; -. 

DR EMBL; X99064; CAA67512 . 1; 

DR HSSP; P10845; 3BTA . 

DR MEROPS; M27.002 ; -. 

DR InterPro; IPR00Q395 ; Bontoxilysin . 

DR InterPro; IPRQQ6025 ; Zn_MTpeptdse . 

DR Pfam; PF01742; Peptidase_M27 ; 1. 

DR PRINTS; PR0076Q ; BONTOXILYSIN. 

DR ProDom; PDQ01963 ; Bontoxilysin; 1. 

DR PROSITE; PS00142 ; ZINC_PROTEASE; UNKN0WN_1 . 

KW Neurotoxin . 

SQ SEQUENCE 1278 AA; 147073 MW; A1BE1318431D6918 CRC64; 

MPWINSFNY NDPVNDDTIL YMQIPYEEKS KKYYKAFEIM RNVWIIPERN TIGTDPSDFD 
PPASLENGSS AYYDPNYLTT DAEKDRYLKT TIKLFKRINS NPAGEVLLQE ISYAKPYLGN 
EHTPINEFHP VTRTTSVNIK SSTNVKSSII LNLLVLGAGP DIFENSSYPV RKLMDSGGVY 
DPSNDGFGSI NIVTFSPEYE YTFNDISGGY NSSTESFIAD PAISLAHELI HALHGLYGAR 
GVTYKETIKV KQAPLMIAEK PIRLEEFLTF GGQDLNIITS TU^KEKIYNNL LANYEKIATR 
LSRVNSAPPE YDINEYKDYF QWKYGLDKNA DGSYTVNENK FNEIYKKLYS FTEIDLANKF 
KVKCRNTYFI KYGFLKVPNL LDDDIYTVSE GFNIGNLAVN NRGQNIKLNP KIIDSIPDKG 
LVEKIVKFCK SVIPRKGTKA PPRLCIRVNN RELFFVASES SYNENDINTP KEIDDTTNLN 
NNYRNNLDEV ILDYNSETIP QISNQTLNTL VQDDSYVPRY DSNGTSEIEE HNWDLNVFF 
YLHAQKVPEG ETNISLTSSI DTALSEESQV YTFFSSEFIN TINKPVHAAL FISWINQVIR 
DFTTEATQKS TFDKIADISL WPYVGLALN IGNEVQKENF KEAFELLGAG ILLEFVPELL 
IPTILVFTIK SFIGSSENKN KIIKAINNSL MERETKWKEI YSWIVSNWLT RINTQFNKRK 
EQMYQALQNQ VDAIKTVIEY KYNNYTSDER NRLESEYNIN NIREELNKKV SLAMENIERF 
ITESSIFYLM KLINEAKVSK LREYDEGVKE YLLDYISEHR SILGNSVQEL NDLVTSTLNN 
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SIPFELSSYT NDKILILYFN KLYKKIKDNS 
STNRNQFGIY SSKPSEVNIA QNNDIIYNGR 
IRNNNSGWKI SLNYNKIIWT LQDTAGNNQK 
SRIYINGNLI DEKSISNLGD IHVSDNILFK 
YSDEPDPSIL KDFWGNYLLY NKRYYLLNLL 
TRLYTGVEVI IRKNGSTDIS NTDNFVRKND 
IRTSNSNNSL GQIIVMDSIG NNCTMNFQNN 
SNGCFWSFIS KEHGWQEN 



ILDMRYENNK FIDISGYGSN ISINGDVYIY 
YQNFSISFWV RIPKYFNKVN LNNEYTIIDC 
LVFNYTQMIS ISDYINKWIF VTITNNRLGN 
IVGCNDTRYV GIRYFKVFDT ELGKTEIETL 
RTDKSITQNS NFLNINQQRG VYQKPNIFSN 
LAYINWDRD VEYRLYADIS lAKPEKIIKL 
NGGNIGLLGF HSNNLVASSW YYNNIRKNTS 
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